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Fraction Distribution and Risk Assessment of Heavy Metal in Sediments of Miyun Reservoir

QIAO MIN-min', JT Hong-bing"*, ZHU Xian—fang', CHEN Yan'

(1.The Key Laboratory of Metropolitan Eco—Environmental Processes, College of Resource Environment and Tourism, Capital Normal Univer—
sity, Beijing 100048, China;2.Civil & Environmental Engineering School, University of Sciences & Technology Beijing, Beijing 100083 )
Abstract : Contents and spatial distribution of heavy metals in the sediments of Miyun Reservoir in Beijing were researched in this article,
and the degree of pollution was analyzed by the method of Enrichment Factor and Risk Assessment Code( RAC ). The results showed that the
average contents of all heavy metals were higher than the background values of Beijing soils, and heavy metals appeared certain enrich—
ment. Correlation analysis showed that significant correlations existed among Zn, V, Cu, Mn, Pb, Ni(P<0.01), and it indicated that these
elements have the same man—-made and natural sources of pollution. The analysis of chemical speciation showed that the residual fraction for
Cu and Ni accounted for 71% , 72% of the total contents, respectively. And then the organic matter fraction was 17%, 14%. The residual
form for Mn accounted for 45% , Fe—Mn oxides fraction was 22% , and bound to carbonates fraction was 18%. Other heavy metals were
dominated by Fe—Mn oxides fraction and residual fraction, they accounted for more than 80% of the total contents. The RAC showed that
Mn (except the sampling point 18) posed a medium ecological risk or high ecological risk, and the potential ecological risk of heavy metals
(Pb, Zn, Cu) was from low risk to a medium ecological risk level, whereas Ni, V, Cr and Ti posed low risk. The results of the study will
provide a scientific basis for the protection of Miyun Reservoir and the estabilishment of measures for people’s health and security.
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Figure 1 Study area and sampling sites
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ORI A (F1) o Bz T4 S i i TR A i
1.0 g 7 100 mL H#EJEJ T, AA 1.0 mol - L™ MgCl, %
W (T 2 /K AR BRI pH 7.0)10.0 mL, AWk 7
T 1 h,3000 remin™ .0 30 min, HiLF] 25 H, R
TR R b )23 v A A v B

QORKIRERSE A (F2) OB 2585043 B3 J5 AR 1)
Bt 4B A—1> 100 mL #EJE T, A 1.0 moL-
L" CH;COONa %3 (1:1 ¥ CH;COOH 75 pH5.0)
10.0 mL, # 8% 5 h,3000 r*min~" B> 30 min, 357
25, RIS VS R A AR R

QB AL A (F3) K EA B Ok 4
B AN —A~ 100 mL #EJE L H, A A 0.004 moL -L™
NH,OH - HCI %5 ¥ (IR FR43 8 25% 1) CHCOOH JE 45 )
20.0 mL, KBFFIR(96£3)°C, [ EEHE, 2H 6 h,
3000 r+min™ &5.0> 30 min, R 23 1, BRI E -
RS E SRR

DEYPLE G (FL) K B O FRIE 23R A
—~ 100 mL #EEHRH, A 0.02 moL-L™ HNO;3.0
mL F1 30%H,0,(HNO; #75 pH2.0)5.0 mL, 7K & PRI
(85+2)%C, [l A+ , 2B 2 h; #5011 30% H,0,(HNO;
JE7Y pH2.0)3.0 mL, /K I AR (85£2)°C, ] B Hit £ 4%
PR, 280 3 hs RS, A 3.2 mol - L™ CH;COONH,
(25% HNO; % %5)5.0 mL, H-4kZE4E % 30 min; 3000 r-
min™ B0 30 min, 355025 11, RO & Y
KEEBNURE .

ORI A (F5) . E4 8 Bk 07 4 MBS Z
F1, 5% )5 ] ICP-OES(Varian 720ES, USA )&,
1.4 AL

SPSS16.0 5¢ i, HoAt il 3R FH Origin8.0 #4421l
R DR R HERAYE , J A AR i T K R DT

T bR E S 24 5 GBWO7309(GSD-9) h 8 42 J& It

R E i, HE TR M TR ZELE S%E RN .

SR 5T

MBRYPESLENZTED
3 1AL, B 2K ERIZDIBRYINE &8 & it
FEEAR K ZESR . As Hg Cd . Cr.Cu & &3 [ 4 51 K
7.43~13.47 .0.03~0.32 ,0.22~0.33 .62.27~97.72 . 15.80~
60.54 mg kg™, Mn Ni \Pb .V \Ti Zn & &30 5 5
k1 503.69~1 379.14 ,20.43~56.35 .15.27~46.25 . 78.81~
131.66 .3 075.36~4 470.29 .56.54~148.06 mg-kg', %
JLESEYEEHEF N TisMn>V>Zn>Cr>Ni>Cu>Ph>
As>Cd>Hg,

W ESEoR At gl S EM IR R
PR - FOOP- 2 B S AR R A b st T - 4 R (e, Hrb He
bRt I R E M 3.3 4%, Cr.Cd ,Cu Mn 4351 /&
2.6.2.5.2.0.1.8 {5, BUGZRITE K I =K R
H iR E SRS YL He A1 Cr 3, 801X
% Cr B2 BET5 Y X 5AWF5E He Cr ZETTRW i)
SR mE M T E oK E I TR KR
LR X A 1ERE S Cd Mn Zn . Cu Pb Ni.V .Cr
ki, A5 I Xk - 4 Cr (Cd |, Cu (9 8 &2 - 3{E
A3 AT 1 R 6.7 .6.6.6.5 1, iX 5
ASCH Cr Cd | Cu 1 & R B3 AH — 35,

LS A0 A1 7, Cd PV \As Mn & {H H BL7E
JKIEVGEGER, Cr Ni \Hg A1 Zn 2500, e H BLE K

2

2.1

TR G B IR AR SCE R AT B, Cu F T AR PR ZR R TR 21.22) B fe i o 74
xR 1 BaKEFRENRYHNEEEAIE(ng-kg)
Table 1 Contents of heavy metals in sediments of Miyun Reservoir(mg-kg™)
JLE FeA]| I S AL FrifEzE MR GUAFIE et LR R

As 7.43~13.47 10.51 19% 2.02 13 7.09

Hg 0.03~0.32 0.1 68% 0.07 0.4 0.03

Cd 0.22~0.33 0.3 11% 0.03 0.3 0.12

Cr 62.27~97.72 77.86 13% 10.12 90 29.8

Cu 15.8~60.54 38.02 35% 13.17 45 18.7

Mn 503.69~1079.1 920.17 30% 271.46 850 514

Ni 20.43~56.35 38.78 25% 9.86 68 26.8

Pb 15.27~46.25 29.29 29% 8.4 20 24.6

AY 78.81~131.66 108.53 16% 17.61 130 82.4

Ti 3 075.4~4 470.3 39524 10% 414.87 4600 3800

Zn 56.54~148.06 106.82 27% 28.87 95 57.5
TOC/% 0.44~3.05 1.64 46% 0.01 — —
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LS ST P R VAl 4 P Yo i U e s bk
W R HE s ey B A K Er
SJEICER XL H 4R TR B KRR K A =K
JE AR A SR OCER & i s SR .

22 BEERBRTEHEXSN

F2HNH T B RKETIRY T E 48 Z R
Pearson AHM: ATt . A PAF H,Zn .V .Cu Mn,
Pb Ni & 5 2 [AIfF7E 35 1E A 56 (P<0.01) , B 2t
JLERAHMFE AR ARG YR Mn 5 Cd . Cr,Pb
5 As,V 5 As Cd,Zn 5 Cd .Cr Z[A MR AR B,
FIA R oG T e A R B AL R Ti 5 BT
AHAMEGEIOCRE AR, RIY T 5HAIT
FORIEAN  He 5H A 48, TOC I 48 c = A
PSEZ NS
23 BEERBEESS T RAHE

W, E SRR IR E A B
K, R R HAE A B IR AT S e 7,
Shy W VR B YA 4 A A A R R A FR R X
Bs:, o3 A 1 KR DR Th EE 4w 0 R A4 A (F 1) ik
PREREE G (F2) e S A 68 (F3) AW E
BFOFBRIA S (FS)S MBS0 4 (K 2).

Hi 2% 3 AT, Mn A SC e A 4 e ol 8 oo &R
R, MR 1.19%~17.74% , V-3 8.25% , HiAth
TCE AR RIRER A H 43 e RO R A& Mn, i B
#) 6.79%~30.86% . F-3 17.62% , H Yk & Pb, (5 M
1) 3.42%~20% ,~F-3%] 8.16% , H Al JC R A . AT S84 25

Z R AR RE R T K Aoy A TR X ER
B AR AR 7R P A UE T BV AT R R Ok, 5 FaT
FelEAL W A I BRERER 25 5 A5 T SRR R
TE R ITIESS AT, X pH BUSE AER MR T 4
Gy Re,

B EAD S A EESE IR SR ALY
A BB Gl A R AR IITTE B —R 4, JB T
) S TRRZE A LB A (B AE K AR SR A D H 7
R B AR A 2 B EE 4 T 38, /K AR ol —
YT Y ARG B AL A B A AL, B )
%)@ Pb Mn Zn, 4354 HEEH 11.8%~53.41% .
7.13%~36.5% 4.04%~27.42%., Pb (%R A b as &
BEHN 8 FioTR R, X -3 Fe Mn
(S AT Ph> A5 AR5 (1) L 0T R #7229 Mn 7]
REAG R 24— BB AT AR JEZS M2 7E , R RTE R 280K
SRR M 8L FE EE Fe? 1815 219 Zn FEVTRR
Wb 5 8ER FAL RS A HOA i a e W R,

AN AR RESBICR SAH PTG MR s
BTEE Ay, DA RS T A T RE MR,
AHLLEEDE Cuit i FHACEK, 5 RN 2.86%~
67.88% ,iX Al fig 5 Cu 5 T 5 A ML PR ZE 5 Y
TS i (K A L4565 W R A 0 58 X 2 ik 0 g
JFAG 528 Cu Ni Fl Ph A HLEE A 280 TH46 2L
SEAAS, Cr X FF RIS ALOA Y, Hofth 5 4 )8 A HLAh
AR TS E M A

T 48 (bR Mn A1) IBGEZS a8
{H>50% ), Hoo Ti #l Cr JUF- LIS SIE R AE7E (CFH
E>91%) R AT A , AR SR

*2 EERAEELANKZ HNHEXRY

Table 2 Correlation coefficients of heavy metals and TOC

As Hg Cd Cr Cu Mn Ni Pb A% Ti Zn TOC
As 1 0.277 0.194 0.356 0.395 0.323 0.394 0.494%* 0.442% -0.303 0.387 0.794%*
Hg 1 -0.439* 0.026 -0.067 -0.035 -0.013 -0.047 -0.073 -0.054 0.003 0.374
Cd 1 0.138 0.508%* 0.448%* 0.37 0.601%*%  0.469* -0.510%  0.429* 0.057
Cr 1 0.595%*%  0.437* 0.781%#%* 0.421 0.521°* -0.279 0.447* 0.271
Cu 1 0.812%*%  0.871**%  0.812**  0.931** -0.522* 0.866** 0.272
Mn 1 0.774%%  0.714%*%  0.891**  -0.541**  (0.813** 0.235
Ni 1 0.726%*%  0.817**% —0.580%*  0.846%* 0.307
Pb 1 0.841%*%  —0.682%*  0.764** 0.323
\ 1 -0.438*  0.870%* 0.292
Ti 1 -0.523*  -0.375
Zn 1 0.262
TOC 1

T FORAE 0.05 K- EHAT BEARCHE ; # 7R TE 0.01 KK FHAT REA .
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Figure 2 Distribution of various fractions of heavy metal in sediments
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Table 3 Distribution of fraction of heavy metals in sediments of Miyun Reservoir
PN 2% A _
Cr Cu Mn Ni Pb A% Ti In
IS P /mg kg 0.04 76.67 0.3 0.09 0.23 0.05 0.08 0.76
FrifEE g kg 0.06 55.21 0.11 0.09 0.22 0.02 0.09 1.06
LA EL 124% 72% 37% 100% 96% 34% 116% 139%
B % 0.06 0.89 8.25 0.28 0.87 0.05 <0.01 0.77
IR s A7 FHE 0.28 157.5 1.22 0.78 223 1.02 0.16 4.82
bRz 0.12 59.14 0.23 0.25 0.82 0.51 0.23 2.44
LACE3 45% 38% 19% 32% 37% 50% 143% 51%
H A% 0.36 3.67 17.62 2.1 8.16 0.97 <0.01 4.74
B E BT EHE 3.52 197 25 431 8.66 16.2 0.57 15.14
bR zE 0.89 93.12 0.95 1.43 4 5.99 0.22 7.07
AN AR 25% 47% 38% 33% 46% 37% 38% 47%
AT LIE % 4.56 737 21.77 11.65 30.36 15.03 0.02 14.76
EER LRSS S SS[IE] 2.84 69.7 5.56 4.99 3.06 7.2 4.02 4.09
FifE 22 0.51 33.19 3.05 1.27 1.68 1.63 6.15 1.14
S5 R 18% 48% 55% 25% 55% 23% 153% 28%
Oy I % 3.68 16.83 7.84 13.61 10.52 6.91 0.1 4.07
BRit A SFAE 71.17 419.3 28.45 28.61 15.11 84.06 3948 82.01
brifE 2 9.8 237.5 12.99 9.57 7.5 17.07 414 27.17
LA E3 14% 57% 46% 33% 50% 20% 10% 33%
B 45t % 91.34 71.25 44.52 72.36 50.09 77.04 99.88 75.66
H A B ICER MYHT 4 P A RV AT SIS K /NIF ASCHRR TiLV R IR SRR,

A : Mn>Pb>Cu>Ni>Zn>V>Cr>Ti, Mn ] H S B
B N AEY 18%~97% ,Pb . Cu 435K 19%~87% |
9%~95% ., 5t miTi LIET SAEAH L, Mn  Cu @b
I 5 B R KT 96% , P S RIEEH 5, NIk
% K EERIZUIRY) T Mn Pb Cu A ER I T L
B8y oo 8 R N e s ER =8
2.4 BEREIED
24.1 BEEREENT
BENTFEEN ARG ESE S
SEFRE A ) S HL, M/ SRR A5 2 F b A kg
M) R AR A A 8] (4 ] He S5 AR | e A B
FE (U1 Se Mn AlFe Ca))Z HITR NS HFRIE, A
e Ti A, XHEEE A P oe R U e — 1Ak
B N /A= (I
Kf:Cn HITE n WIKIE ;C WS HITTR MW ;
sample Fll baseline 435 F& /8L b AT 5.
Sutherland™ ¥4 & 4 J& 15940 R 5 MR (£ 4),

HApE S RouR M i 18 sl S 1, 4521
i 3. bt % =K EEDUR Y T 48 1 T3 s A
FEHER M : Hg>Cr>Cd>Cu>Zn>Mn>As>Ni>V>Pb, Hg
WA R, P EERECH 3.22, % R AR
B TERE YL, T 80% I RAE S8 T 5 Yol
FETG 3 Cr Cd Cu P EERBAMEAK, 75l
2.55.2.42.2.01, Bk Cu Z4h,Cr Cd [T 90% K AE 55
WE TS Gk, e, A oG 3R, Hg (Cr .Cd
Cu MR 3Z 2] 7 AR5y, iR XK R, %
ZIKPEIRAL R B KR S TR i B AL 27 451
RAARKARA, ) (DU & S iR |, S ik
A FAIKARTE RIS e Wit 4% 2 7K BEDTRR oK
5 Y in DA A

AR ZHE SR ITTRAKEGIROTL 5T EE
FEAR I St DR R Z A A 5 SR 5 T RN B AR 5
NN A 14 21 b REHE LR TR EER
BOBAR &, B2 AT A- sk e 0 AT LA K K R AE
WSS A5 T A JE T R DU TE R TR R L sk,
OGRS £ RBEVEAR, A DI 1S E R R
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Table 4 Judge standard of contamination degree

by enrichment factor

g0 EF TS YFRRE
1 <2 EF<1 JICT5 9% 1<EF<2 J s
2 2-5 TG
3 5~20 ERCE S
4 20~40 SREYT G
5 >40 EREES

BofE ot 2, (HE R (R K, SR AL T 075 G sl 1
15 YK, N A5 YL RE I 55
2.4.2 RS PR s v

SRR PEA E I (RAC) L F IR EA RN
ANFFFAETE SN A AR 25 A i s i, 2k mT
A FIRIR R 45 A AN T 48 1A 3G 43l ad
TR PR A B ) L RN R P E 4R
PR, SEMDC G KU A TP . o 1 3T
ity DRUBS DA VDU 720K 4 T v vl e e A RNk B b 45
GART G BRI 5 AR, WK S,

DU 4 RV A XS FR BN &l 4 TR . Cr,
0.22%~0.75% ; Cu, 2.17%~10.60% ; Mn, 7.99%~48.60% ;
Ni,0.83%~5.34% ;Pb,3.42%~22.01%;V ,020%~2.30% ;
Ti,0.002%~0.02%;7Zn ,2.27%~12.35%., FH:r, Cr Ti %f

®S5 RKBETEMR DS RF

Table 5 Risk assessment criteria for grading table

U5 4% TRERERZS A AR AS A T 43 He%
TCIRUE: <1
9E 55 1~10

EREA 5 11~30
fr AU 31~50

e XU >50
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PAEE TC AR, s N VA DA TG JRURS: B XU 7K - 5 Ph
Zn Cu J& DA AR 1) rh S5 XU 28, ABL R 23 RAF A
ATHA TR S5 . Min R s 18 Ab, Ho R ab T 45
IR 22 i XU S50 B IR R 2B 2 R U 3R 1Y el
e 34,14 21 22 AR ESE, (HER Cr.Ti X3
IR AN, BAT Mn I Ph 7833 26 1 5 7778 s 25
R o A, 7E A 15 48 Cu Mn Pb Zn 40T
S A=Y ) G R P e S B R A A X et 8
K%, B BOKAHREC R Ak ag A/ T,
Hoth b sSIARA

S E A B IR VA R A SR B 55 R
Mn>Pb>Zn>Cu>Ni>V>Cr>Ti,

0.8r
0.7F
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0.5p x
041
0.3
0.2r =

0.1 "i u

RS EL

La
3

oF—*—
=0.11
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Clr Clu IVI[n ll\li Il’b \I/ rl:i Zln
4 IRYHPESERBERNKLIEE

Figure 4 Potential risk index of heavy metals in sediments
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Figure 3 Enrichment factor of heavy metal in sediments of Beijing water source
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R HRER 22 R R

() MHRAE AT LS R KW, Zn V . Cu Mn Pb Ni
T Z A B35 1B A G, R IX S u AT B AR IR A
R NER/SEY S

B EEBIESIEREKY, EEJRITER (KR
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